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Implementation of Position and Force Control by Modelling of
a Miniatured Excavator
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Abstract: This paper presents the implementation and control of a small-scaled excavator system. The commercial miniature of
an excavator system has been modified and its control hardware is embedded to access the feedback control. Encoder sensors
are attached to the joint and a force sensor is mounted on the end-effector so that feedback position control is accessible as
well as force control. The dynamic model of the excavator system is derived as a four linkage robot arm and its control
performances are simulated. Experimental studies of contact force control tasks are conducted to test the control algorithm for

the excavator system.

Keywords: excavator, feedback control, force control, hardware implementation
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Fig. 5. Position control block diagram.



fa
[ Admittance f

Ax L__control
X, Inverse PID
Xq Kinematic 04 control
/]

Id7 6. A2=H Ao EE 5

Force
enso

Pump motor

Fig. 6. Force control block diagram.

b 2m
1 7
zn]= b Fln]+ b z[n—1]
k-l-f-i— 3 k-&-?s-l- Tz
m
F
———x[n—2] ™
b m
k+ TS-I—?SQ
7| Flnle f—f,2 71599 3 AlAdA =43 3

2

o Aol= Felatn rfn] & V1E YHOE PoAFE 4,
Hold A2 AR 0,5 BAVTE AS m, k o b F
o] 19 W 54 rln]o] Ve=% s Fick

2% 6& YAlo] BE tololaye Urhiick 17 59)
IR Al) BEEo] o= YAlo] Fx7h F7hHTh

n

V. AlEdlold R A

2

1. Al
. =20 o

Aol $atE dans A PHolng 2] 4EE

ok
T ok

AA3E7] 218 boomell F2bE AHviE Ho 3 A
2 393, am bucketo] FAE Adde HAd 4%
BEE 27 452 A O9 72 2] AgSEs
yehdich, o] w ¥=9] Zrx= 247t [1.0472 5.6723 3.7525]
rade|t}.

2. Qx| of

87 A48 4.
Fig. 7. Experimental setup.

X E BHO 2 1037

o] ARE FF3h= AE EIEITE 1Y gollA e
AEd ol AA AF BFA HRE FFIHs A&
sk

8 8ollA AlEH oA Axke} AA A At AR
A UL AL B 4 ot AdAFgoA 18 8(d)«] SE
9] 0L boom linkE 7|02 alES wfe] 9% Frelth

3. &xlof
Admittance controlo|l A= Z7|&FAOA AFsle] 2] (7)
2 olgdtel WAL FEHTATE J1E T dds
W Fr)} Wsksle] dAle 9% xvt WEsiAl Aok 7)1E 3
< INoE HAET AFeirt. YFE P SRS =
e Psty oje=rEx A gs 2dsith
1
desired
— simulation
g 09 - = — — real
S 0.8 H
S !
E 07 ]
8  ——
Qo
0.6F B
0 5 10 15 20
time(s)
(a) Boom angle.
5
desired
4.9+ simulation
i<l ' - = — — real
E 48 == 1T ———
= 48Ff —= — S i
% 'ff ¢ ’f \ ,
c ) .
© 4.7 \ i N [
g \\ // } \ /;
® 46 \1\v: ; *\_X: I
4.5 L I |
0 5 10 15 20
time(s)
(b) Arm angle.
6
€ 5.8 [ ‘J — 1 / = ﬁ\
© [/ . [ 1
T 5.6+ { ) ‘/ (|
i<} 3 | [}
& ' \‘ L\
= sal | & | ]
S 4 ye L
-8 5.2’\7777"/ == ‘ desired
simulation
5 L L - — — — real
0 5 10 15 20
time(s)
(c) Bucket angle.
0.15
desired
0.1 [ ———— simulation
_ b | B
E 005 ‘ | rea
S ) /\
= U ! |
z , ! ;
8— -0.05F J [ \ L =
3 E‘ﬁ ; A
0.1F [ — b
0 5 10 15 20

time(s)
(d) z axis position.
a9 8. YA A FEA .

Fig. 8. Position control results.



Myeong Sik Oh, Ja Ho Seo, and Seul Jung

1038
2
. desired
1.5 "H\\ -~~~ actual
| M\
1 : h“‘wvu‘ ‘—" UWWM
% [‘ whw\hum g wwwwwww
o I
L 05- ! 4
|
i
0 b | il
0.5 L L L L
10 20 30 40 50
time(s)
(a) Force.
0.3
desired
0.2 - -~ actual |
E
£ 01¢
o
@
g o
N
-0.1F
-0.2 1 1 1 !
0 10 20 30 40 50
time(s)

(b) Position.

9 9. Case 1 o] +F A3}
Fig. 9. Case 1 : Tracking results.

desired
-~~~ actual

force(N)

-0.5
0

0.3

10 20 30 40 50 60 70 80
time(s)

(a) Force.

0.2+

©
o

o

z-position(m)

o
4

desired

- -~ actual ||

-0.2
0

10 20 30 40 50 60 70 80
time(s)

(b) Position.

9 10. Case2 o] 5% 23}
Fig. 10. Case 2 : Tracking results.

3.1 Case 1 : m=3,b=60,k=1502! &<

9 9olA B oF 27%0lX HEo] Tt HE g
o] SHFEE ¢F 0.7Nolth FFoake] H2EHAIZ] 20%
ooz tha 3 Al AL & 4 ok

3.2 Case 2 : m=3,b=500,k=50002! &<

oMol E o5 A AU A e AlFze
A4S & APk 18 100 IFF A7 e} Q)
o o] 3 —% AW EH ofF 25x04 o] WAt of
E7F @AsARt 71 39l INg & FFS)
= As B ‘F ‘RAEF. Audes AZAT] 102 JEZ

_CL H

3. 3 Case 3 : m=3,b=500,k=20000°e' a4

1% 1028 29 8 =4 A overshoot’} 0.60N =
HASH= 1S 2 = Ik 19 119 Case 39141+ Case |
I} 204 LASH= overshootES E°17] 98] Alike vl
o] Age PRt oF 90zl FHZFo] TAYsle HE
3] SHFEE RE EAENOY FFoake] AR

o] 10 oo o del: A& 2 + ok

V1. 28
B =RoMEe ZF22 A5E] 95 §goz 1t
e 4% 247 R3S wAste 9xAele Aov}
VsdtEE FASATE F419] ukE AgS 93 YA

Z3} AdmittanceE ©]-83 & AoJE F3Y3H3TE PID Ao
g olg3te] ZA|e] B} 7t Y] ZEst Ak 9
2F -
desired
150 *‘*** actual ||
A
= 1 ‘
= i
[o) |
5} f
o
“ 0.5F : 4
|
0F ! 1
_05 L L L L L
0 20 40 60 80 100 120
time(s)
(a) Force.
0.3
desired
0.2} -~~~ actual ||
E 0.1+ q
S
N
0.1+t i
_0.2 L L L L L
0 20 40 60 80 100 120
time(s)

(b) Position.

9 11. Case 3 F+F 27}
Fig. 11. Case 3 : Tracking results.



Implementation of Position and Force Control by Modelling of a Miniatured Excavator

A= olFshz AS APS B AFsten, g AAE
S0 A= el tl-g3ted A E
213} t}. Admittance control 2 ©]-&
5

]

REFERENCES

[1] H. Cho and H. W. Chang, “Active pitch motion control
of a hydraulic excavator,” Proceeding of the KAMES
2002 Joint Symposium, pp. 681-686, 2002.

[2] S. J. Back, Y. K. Son, J. H Kim, and J. C. Lee,
“Reliability qualification test of a unmanned control
robot system for an excavator,” Tramsactions of the
Korean Society of Mechanical Engineers A, vol. 39, no.
4, pp. 397-403, 2015.

[3] L. K. Jeon, J. K. Lee, S. P. Baek, and K. K. Ahn,
“Study on the remote control excavator for high-risk
operations,” Proc. of 2010 25th ICROS Annual
Conference (in Korean), Chuncheon, pp. 479-483, May
2010.

[4] Y. J. Nam and M. K. Park, “Virtual excavator simulator
featuring HILS and haptic joy sticks,” Jowrnal of
Mechanical Science and Technology, vol. 29, no. 1, pp.
397-407, 2015.

[5] S. S. Yang, S. M. Jin, J. J. Choi, C. D. Lee, and Y. S.
Kim, “A study on tracking control of remote operated
excavator,” Journal of Drive and Control, vol. 6, no. 4,
pp. 68-74.

[6] J. J. Choi, “Development of miniaturized automatic
excavator with time-varying sliding mode controller,”
Journal of the Korea Academia-Industrial, vol. 12, no.
8, pp. 3391-3397, 2011.

[71 S. M. Moon and D. H. Hong, “Control algorithm for
path generation of intelligent excavator system,” Journal
of Drive and Control, vol. 12, no. 3, pp. 66-71, 2015.

[8] S. K. Kim and B. S. Koo, “A path generation method
considering the work behavior of operators for an
intelligent excavator,” Journal of The Korean Society of
Civil Engineers, vol. 30, no. 4D, pp. 433-442, Jul. 2010.

[9] S. Jung, T. C. Hsia, and R. G. Bonitz, “Force tracking
impedance control of robot manipulators under unknown
environment,” [EEE Transaction on Control Systems
Technology, vol. 12, no. 3, pp. 474-483, May 2004.

[10] T. S. Jin, “Appling of force control of the robotic
sweeping machine for grinding,” Jowrnal of Korea
Institute of Information and Communication Engineering,
vol. 18, no. 2, pp. 276-281, Feb. 2014.

[11] M. S. Oh, J. H. Seo, and S. Jung, “Study on
Experiment and implementation of Force control for an
excavator system,” Proc. of 31th ICROS Annual
Conference (in Korean), Seoul, pp. 367-368, May 2016.

294

1039

2015 St wIZlERY 288}
20153~FA FeTista

I =4

HERY2FH AAY. B

2R AxEAe] 2 $8, md

M s

19999 Mgty 538

s

=]

RL

2]

[}

Ho}

=4

2006 Al AHACNETS) 71AlESH
I Ak 2011 FRUTE YRR )
HkAL 20129~2016F 3F=27]
Nz ZAdATd Mg

Al&-stt
Al

T, 20163~ FEUE

o]

AR AT 20, BRoks A4 8 Y71 A

SAlo] Al2=Hl.

s

19881 Hl=r 9 o) #7] L

FeIFAS 294

Vol dlolul

19913 w|=r A E
7] & HFEEE

Zgdista vW7tEEY2~Fdta uS
FAJHok= 2% o] A|2H 9 x|
WA MAUSFY] Ao 2 &8,
2R




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


